Introduction {#Sec1}
============

Intracapsular fracture neck of femur is one of the commonly encountered injuries in orthopaedics. It is more common in elderly individuals \[[@CR1]\]. Only 2--3% of these occur in patients younger than 50 years \[[@CR2]\]. However, the increase in high-energy trauma has contributed to the increased incidence of fracture neck of femur in younger patients. Young and active patients are generally treated by anatomical reduction and internal fixation as soon as possible. Maninger et al. \[[@CR3]\] reported a lower incidence of femoral head collapse when reduction and internal fixation was carried out within 6 h of injury. However, it remains a major problem in developing countries where the patient reports many weeks or months after the fracture because of poverty, ignorance, lack of facilities and faith in traditional bone-setters \[[@CR4]--[@CR7]\]. Despite improvements in the techniques of surgery and internal fixation devices, non-union is still reported in one-third of cases of femoral neck fracture with displacement \[[@CR8]\]. Among the head-retaining procedures in such circumstances, various procedures such as fixation with muscle pedicle bone grafting, internal fixation with vascularised or free fibular grafting and valgus osteotomy and internal fixation are advocated, showing variable results; no one technique has proved entirely satisfactory \[[@CR9], [@CR10]\].

Valgus intertrochanteric osteotomy alters the biomechanical environment of the fracture site and restores limb length. Very few reports have dealt with the results of this procedure internally fixed with dynamic hip screw and double angle barrel plate.

We conducted a prospective study at our institution to evaluate the clinical and radiographical results of valgus intertrochanteric osteotomy and fixation by dynamic hip screw and 120° double angle barrel plate in the treatment of neglected and ununited femoral neck fractures in patients less than 60 years old.

Materials and methods {#Sec2}
=====================

Between January 2004 and July 2007, we performed valgus intertrochanteric osteotomies for neglected and ununited femoral neck fractures in 16 consecutive patients with mean age of 36.4 years (range 20--60 years, Table [1](#Tab1){ref-type="table"}).Table 1Patient informationPatient no.AgeSexTime from injury to osteotomy (weeks)Previous treatmentPreoperative neck shaft angle (degrees)Postoperative neck shaft angle (degrees)Preoperative Pauwels' angle (degrees)Postoperative Pauwels' angle (degrees)135M16None1201356042260M34None881284536351F68CCS1151405436446M6None1201454234538M21None1161364632620M3None951204436740M76CCS with fibular grafting981254630832F72CCS1001345432925M26None8013048341033M18None9213256401132M38None10013570421225M8None9512464301341F10None9612646361452F63CCS with fibular grafting11013640261532M15None10012638301621M22None1101386544Patient no.Preoperatively limb length shortening (cm)Postoperatively limb length discrepancy (cm)Preoperative Harris hip scorePostoperative Harris hip scoreOutcomeComplications12.51.86092Excellent2^a^1.01.05575PoorCut out of implant31.01.5^c^7592Excellent41.01.5^c^6888Excellent52.51.46491Excellent61.00.56490Excellent71.01.07286Excellent81.00.07095Excellent91.30.66890Excellent101.01.5^c^6593Excellent112.81.67084Excellent122.01.56588Excellent13^b^1.01.4^c^6076PoorCut out of implant141.51.06895Excellent151.41.5^c^7090Excellent162.01.57286Excellent*M* male, *F* female, *CCS* cannulated cancellous screws^a^Suffered from Parkinsonism^b^Suffered from diabetes mellitus^c^Lengthening occurred

Inclusion criteria {#Sec10}
------------------

Patients less than 60 years of age with fracture neck of femur of more than or equal to 3 weeks since injury.Patients less than 60 years of age with failed primary fixation (non-union with varus collapse).

Exclusion criteria {#Sec11}
------------------

Elderly patients (\>60 years of age) and patients who had changes of avascular necrosis (AVN) on plain radiography or magnetic resonance imaging (MRI) and significant resorption of femoral neck with proximal fragment less than 2.5 cm were excluded from the study. There were 12 males and 4 females with an equal number of right and left hip affected (8 each). Delay in presentation ranged from 3 to 76 weeks (mean 31 weeks). The mechanism of injury was road-traffic accident in seven patients, fall from height in six and slipping onto ground in three. All patients were in good health before the fracture and walking without any aid, except one who had Parkinsonism. All fractures were displaced (Garden grade 3 and 4) without any evidence of avascular necrosis ruled out by preoperative plain radiograph or MRI scan. Four patients had undergone previous surgery. All four had fixation with cannulated cancellous screws and two had fibular strut autografting also with varus collapse at fracture site.

Preoperatively, all patients complained of pain and limitation of hip motion and were unable to walk without support. Prior to osteotomy, average neck-shaft angle was 102° (80--120°), with average limb shortening of 1.5 cm (1.0--2.8 cm). The greater trochanter was upriding in seven cases and needed skeletal traction before surgery (7--10 days). None of these had evidence of AVN on plain radiograph or MRI. One patient was known to be diabetic, while one had Parkinsonism. All the osteotomies were fixed by dynamic hip screw and 120° double angle barrel plate. The patients had minimum follow-up of 11 months and a maximum of 36 months (mean 19 months).

Surgical technique {#Sec3}
==================

Preoperative planning {#Sec4}
---------------------

### Calculation of wedge angle {#Sec5}

Fracture plane measured off the horizontal plane (line touching the roofs of acetabulum) is the Pauwels' angle or "shear angle". Pauwels' optimal angle is usually between 20° and 25° \[[@CR11]\]. The calculation is derived from the fact that for any given stance the body weight is projected at the head of femur at an angle of 160°, according to Pauwels; hence the compressive force will be at a right angle to this, i.e., 180° − 160° = 20°.

Osteotomy angle or wedge angle is designed to produce a final desired fracture plane angle of less than 30°. According to Pauwels' principles a non-union will come under compression force when it forms an angle of 30° or less. A final desired fracture plane angle of 30° was set for all the patients.

Therefore angle of correction or wedge angle was calculated as:$$\documentclass[12pt]{minimal}
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\begin{document}$$ {\text{Wedge angle}}\;({\text{osteotomy angle}}) = {\text{Shear angle}} - {\text{Postop. desired angle }}(30^\circ). $$\end{document}$$

### Calculation of pin insertion angle {#Sec6}

Pin insertion angle is the angle created between the borders of the pin within the femoral neck (which is placed at the centre of femoral head at the start of operation) and lateral femoral cortex. The sliding hip screw is placed towards the centre of the head at the predetermined pin insertion angle.$$\documentclass[12pt]{minimal}
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\begin{document}$$ {\text{Pin insertion angle}} = {\text{Implant angle}} - {\text{Osteotomy angle}}. $$\end{document}$$

In all patients, surgery was performed on a fracture table with fluoroscopic control, with the patient in supine position. The fracture site was not exposed in any patient. The failed implant, if present, was removed; the dynamic hip screw was inserted (Fig. [1](#Fig1){ref-type="fig"}a). All patients underwent intertrochanteric osteotomy as described by Pauwels \[[@CR11]\] and modified by Mueller \[[@CR12]\]. The procedure included an intertrochanteric osteotomy at the upper border of the lesser trochanter, removal of a lateral wedge, subsequent valgisation, lateral displacement of the distal fragment and internal fixation by a 120° double angle barrel plate (Fig. [1](#Fig1){ref-type="fig"}b, c). Triple reaming, tapping and hip screw insertion was performed under fluoroscopic control. A temporary wire was placed in the femoral head after the placement of guide wire for hip screw insertion in all patients, to prevent rotation, as this rotation of femoral head might further damage the precarious blood supply to the femoral head and increase the risk of development of AVN. No bone grafting procedure was done in any of the patients.Fig. 1**a** Placement of dynamic hip screw over guide wire. **b** Intertrochanteric osteotomy done just above the lesser trochanter and pre-calculated wedge resected. **c** Gap after osteotomy reduced by fixation of 120° double angle barrel plate

Knee and ankle physiotherapy were started next day and the patients were mobilised with crutches non-weight-bearing from third postoperative day. The patients were evaluated radiographically in an outpatient clinic at 8 weeks postoperatively and further at 6-week intervals until union was achieved, when full weight-bearing was started. Radiographic union was defined by absence of a fracture line and appearance of trabeculae across the fracture site (Fig. [2](#Fig2){ref-type="fig"}a--c).Fig. 2**a** Radiograph showing non-union fracture neck of femur (21 weeks old). **b** Immediate postoperative radiograph showing more horizontal fracture line with valgus osteotomy fixed by dynamic hip screw and 120° double angle barrel plate. **c** Union achieved after 10 weeks of valgus osteotomy

Ethical considerations {#Sec7}
----------------------

Informed consent was taken from the patients prior to operation and for inclusion in the study. The study was performed according to the Declaration of Helsinki, and the Institutional Ethical Board approved it.

Results {#Sec8}
=======

All patients were monitored for an average of 19 months (range 11--36 months). The average Harris hip score increased from 66.6 points (range 55--75 points) before surgery to 88 points (range 75--95 points). Excellent results were achieved for 14 patients; two patients had poor results due to cut-out of implant. In 14 of the 16 patients, the fracture went on to satisfactory union after an average of 14.7 weeks (10--26.7 weeks). No patient was lost to follow-up. The average preoperative neck-shaft angle of 102° (range 80--120°) increased to 132° (range 120--145°) after surgery. The average limb length discrepancy postoperatively was 1.2 cm (range 0--1.6 cm). Two patients had unfavourable outcome, due to cut-through of the implant, out of the head after 8 weeks of surgery. Of these two patients one was diabetic and another was suffering from Parkinsonism, and both had moderately osteoporosed proximal fragment. Implant removal and hemireplacement arthroplasty with bipolar prosthesis was done in both of them and they did well in the final follow-up. No patient had any serious immediate postoperative complication such as deep infection or deep vein thrombosis. No patient had coxa vara, defined as neck shaft angle less than 120°, and osteotomy site united in all patients at an average time of 10.3 weeks (range 8--12 weeks). All the patients with united fractures were able to sit cross-legged, squat and do one-leg stance. Pain and limitation of motion improved remarkably, so that the majority of the patients did not have to use crutches at 6 months after operation.

Discussion {#Sec9}
==========

Non-union after femoral neck fracture is defined as lack of radiographic evidence of union 6 months after fracture. King \[[@CR13]\], in 1939, in his comprehensive review of both recent and old case of fracture neck femur, emphasised that 3 weeks old can be arbitrarily called old and ununited, as it can be assumed that the head of the femur is devoid of its blood supply, has less chances of osseous union and that secondary changes are more probable than if operation were performed earlier. If the fracture neck of femur remains untreated for more than 3 weeks, internal fixation alone is likely to have high rate of non-union, as reported by Barnes et al. \[[@CR1]\]; in their series on fractures of more than 1-week duration they had non-union rate as high as 50%.

The femoral neck fracture is probably the fracture for which there exists the larger number of methods of osteosynthesis. Internal fixation of femoral neck fracture is followed by certain incidence of fixation failure. Non-union may occur in one-third of patients, with higher rate in vertical or displaced fractures \[[@CR14]\]. Number of methods of internal fixation when used alone have failed to achieve the desired end result. Osteoporosis directly influences degree of displacement and quality of internal fixation. The deficient bone stock and posterior comminution play a significant role in biological failure to unite the fracture. Age and sex of patient, osteoporosis, degree of displacement and quality of fracture reduction are the factors that have been found to affect the end result \[[@CR15], [@CR16]\]. The appropriate treatment for non-union of a femoral neck fracture depends on the age of the patient, his or her medical status, viability of the femoral head, size of the remnant femoral neck, osteoporosis, duration of the disease and finally the state of joint space. Considering the fact that the majority of patients with femoral neck fracture are over 60 years of age, have extreme osteoporosis and are poor surgical candidates, it is better to replace the femoral neck with a femoral prosthesis or a total joint replacement. In the case of infection of the joint with non-union of the femoral neck, when it is not possible to do total joint replacement, it is better to perform resection arthroplasty (Girdlestone procedure). In patients younger than 55 years who are in good general medical condition, with no osteoporosis and with a reasonable size of femoral neck and normal joint space, it is desirable to preserve the femoral head, particularly if the patient's lifestyle and social and religious customs require squatting and sitting in a cross-legged position \[[@CR17]\].

Treatment options for femoral neck non-union with preservation of the femoral head include refixation of the fracture, refixation and bone grafting, a pedicle graft to provide blood supply, or a valgus osteotomy with fixation. Cortical bone grafts have been associated with disimpaction or angulations of the head leading to failure \[[@CR18]\]. The initially reported success of Meyer's procedure has not been reproduced in a large series and the procedure has been considered unreliable \[[@CR19]\]. Arthrodesis has a high failure rate but, when successful, it leads to a functional hip. Different techniques of vascularised bone grafting have been introduced, often with excellent results \[[@CR10], [@CR20]\], but the usefulness of these techniques is limited because of donor-site morbidity and limb length discrepancy with residual varus deformity.

Pauwels recognised that non-union of femoral neck fracture would consolidate within few months if shearing force acting on non-union fracture site were transformed into compression forces \[[@CR21]\]. Good results had been reported in femoral neck fracture treated with primary osteosynthesis and valgus intertrochanteric osteotomy \[[@CR22], [@CR23]\]. Marti et al. \[[@CR23]\] reported 86% union in 50 patients at an average of 3.6 months, treated by this method alone. Twenty-two hips preoperatively had avascular necrosis, with three of these cases progressed to collapse, necessitating total hip replacement (THR). Anglen \[[@CR24]\] reported results for a series of 13 patients, all of whose femoral neck fractures united. However, in two of these cases avascular necrosis developed later, requiring THR. In our study, follow-up did not reveal any avascular necrosis and subchondral collapse. Postoperatively we achieved an average fracture plane of 35° (26°--44°), although we aimed for fracture plane of less than 30°. This technique resulted in union in 14 of 16 patients, even though the final fracture plane was more than 30°, as the use of dynamic hip screw added compression at the fracture site.

In most of case series reported in literature on valgus osteotomy \[[@CR23]--[@CR25]\], blade plate fixation has been used, which is technically demanding. In internal fixation of valgus osteotomy by double angle blade plate, at times blade may displace the fracture fragments and minimal change in the direction of blade may change the direction of plate anterior or posterior to the shaft of femur. Most orthopaedic surgeons are accustomed to the use of dynamic hip screw, which is commonly used in the treatment of intertrochanteric fractures, and is technically much simpler than blade plate fixation. In dynamic hip screw fixation, powered instruments could be used, which saves time and reduces blood loss. Also hammering required in blade plate fixation is avoided, with additional advantage of compression at fracture site.

We believe that valgus osteotomy acts as a biological stimulus for healing of these fractures, promoting osteogenesis as a result of conversion of shearing forces to compressive forces across the fracture site. The osteotomy is relatively easy to perform, cost effective, provides stability and often is definitive one-time surgery.

Valgus osteotomy and internal fixation with dynamic hip screw and 120° double angle barrel plate plays a twofold role: it converts the shearing forces into the compression forces by placing the fracture site perpendicular to the resultant of body weight forces; and it buttresses the head of femur from below to improve stability provided by the internal fixation \[[@CR12]\]. Osteosynthesis with dynamic hip screw in its optimum position in the femoral head, supplemented by the buttressing effect of the distal osteotomy fragment, maintains coaptation and immobilisation of the fragments and provides a high degree of stability.

Following osteotomy, valgus orientation of the proximal femur decreases the lever arm and therefore increases contact pressure on the head. This may in turn lead to degenerative disease or progression of osteonecrosis \[[@CR11]\]. Lengthening of acetabulotrochanteric distance occurs, which may stretch the abductor muscles and capsule, which would compromise muscle and capsule circulation \[[@CR26]\]. Reaming to insert a lag screw may destroy intramedullary vascularity \[[@CR27]--[@CR29]\]. Progression of femoral head necrosis following osteotomy has been reported by many authors \[[@CR19], [@CR23], [@CR24], [@CR30]\] and radiographic signs of avascular necrosis in patients over 30 years of age was considered to be a contraindication for osteotomy by Walcher and Wiesinger \[[@CR31]\].

So, keeping in mind the facts of above-mentioned studies, it seems that performing valgus osteotomy in a hip with changes of AVN may lead to progression of disease and a painful hip later on, and therefore we excluded these patients from our study.

Many authors have reported that preoperative presence of osteonecrosis is not a contraindication for osteotomy \[[@CR12], [@CR23], [@CR24], [@CR30], [@CR32]\]. Catto \[[@CR33]\] believed that a neck fracture can heal and a necrotic head can be vascularised, although the process requires prolonged, adequate fixation. Raaymakers et al. \[[@CR34]\] have mentioned that "in the race between revascularisation and collapse, often revascularisation is the winner". However more studies are required to prove this notion.

In our present study, because of the delay in intervention and the young age of patients, Pauwels' osteotomy was performed as the head-salvaging procedure. Union was achieved in 87.5% of our patients, which is quite good for any surgical intervention. Implant cut-out was the only significant complication that we encountered in our study. Both of these patients had other associated conditions (Parkinsonism and diabetes) and both had osteoporosed proximal fragment. Osteoporosis decreases the quality of internal fixation; hence patients with decreased bone stock should be considered for other alternative procedures. Among the united fractures, all were able to sit cross-legged, squat and stand on affected leg, which are needed in day-to-day life. This also is another advantage over the head-replacing procedure. Marti et al. \[[@CR23]\] reported that collapse can occur 3--4 years later following osteotomy. Follow-up period of 3 years in our study was a limitation in this regard and longer follow-up is required for evaluation of collapse in femoral head. There is a criticism about the difficulty in performing THR in these patients, when required at a later stage. However, Marti et al. \[[@CR23]\] reported no such problems. Kirby \[[@CR35]\] stated that the standard prosthesis could be used for THRs in majority of the cases.

We conclude by stating that valgus osteotomy and fixation with dynamic hip screw and 120° double angle barrel plate has high success rate in young patients with neglected and ununited intracapsular fracture neck of femur as far as the union of fracture is concerned, and internal fixation with dynamic hip screw and 120° double angle barrel plate is technically simple, with additional advantage of compression at fracture site by hip screw.
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